The small GOR commonly 
INTRODUCTION
The production of hydrogen sulphide and carbon dioxide together with other minor gases in thermal recovery processes such as Steam Assisted Gravity Drainage (SAGD) is a common observation. The process that gives rise to these gases is a high temperature hydrolysis of aliphatic sulphur linkages in the bitumen, dubbed "aquathermolysis" by Hyne et. al. 1, 2, 3 Typically, the amount of hydrogen sulphide produced per tonne of bitumen varies between 6 and 75 litres. Considerably more carbon dioxide is produced, usually in the range 900-10,000 litres per tonne. However, Hyne and co-workers have not dealt with the question of whether steam or steam condensate effects these reactions, and their experiments permit no conclusions in this regard.
In some of our own experiments, the procedure of Hyne et. al. was changed in that a stainless steel reaction vessel was used. In order to avoid loss of hydrogen sulphide to the steel, it was necessary to suppress the hydrogen sulphide in the gas phase. The experiment was arranged such that the reaction vessel was completely filled to eliminate a headspace, and an overpressure of 50,000 kPa was applied by means of helium gas. Thus, while Hyne's experiments at 240 0 C were conducted at the steam saturation pressure of approximately 3500 kPa, in our case a gas phase was effectively prevented from forming.
Our results were within the range reported by Hyne, suggesting strongly that the steam condensate rather than steam itself is the reagent in the aquathermolysis.
The question thus arises about the location within the steam zone where this reaction occurs. Elementary considerations of chemical kinetics would suggest that the steam front and the fluid drainage zone are the only regions of the SAGD steam chamber where the reaction is possible, these being the only regions where both steam condensate and bitumen are present in high saturations. The region ahead of the steam front is too cold to permit the reaction to proceed, and the region behind the steam front, while containing residual bitumen, must represent a region that has already been exhausted as far as hydrogen sulphide and carbon dioxide production is concerned.
Since SAGD is normally operated such that no free gas is permitted to enter the production well, the above considerations permit an estimation of the amount of produced gas that is due to dissolution of gases in the produced fluids, as demonstrated below. This gas will escape the produced fluids at the lower pressures that exist in the wellbore and the surface facilities.
GAS SOLUBILITY
The modified Henry's Law constant 4 is given by
where the ratio before the exponent is evaluated on the steam saturation curve. The exponent is known as the Poynting factor and accounts for the effect of pressure on the reference fugacity. 
APPLICATION
For each gas i in the SAGD chamber, if the solubility of the gas in bitumen is small, the total in the water and gas phases is given by
where M T,W,G refer to the moles in the total, water phase and gas phase respectively. The terms y and x are the mole fraction in the gas and water phase. Then it is easily shown that the mass ratio of any gas in the aqueous phase is given by 
